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(54) LAMINATED BODY HAVING ELECTRON CONDUCTOR LAYER AND ION CONDUCTOR LAYER AND ITS 
MANUFACTURE 

(57)Abstract: 

PURPOSE: To extend the surface areas of both layers, in a laminated body having an electron conductor layer 
and an ion conductor layer at least one of which consists of an inorganic oxide, to enhance reaction efficiency, 
and smoothly move electrons and ions in an electrode reaction. 

CONSTITUTION: In a laminated body having an electron conductor layer and an ion conductor layer at least 
one of which consists of an inorganic oxide, the critical surfaces of both the layers irregularly make contact to 
each other to increase the areas of the critical surfaces. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A layered product, wherein an interface of said both layers touches rugged form in a layered product 
which has an electronic conductor layer which at least one side becomes from an inorganic oxide, and an ion 
conductor layer. 

[Claim 2]In a layered product which has an electronic conductor layer which at least one side becomes from an 
inorganic oxide, and an ion conductor layer, A layered product, wherein a mixed layer of both conductors that 
electron conductive particles distributed uniformly in an ion conductor layer formed by the Sol-Gel method 
exists in an interface of said both layers in which one of these has unevenness at least. 
[Claim 3]A manufacturing method of the layered product according to claim 1 making a conductor layer of 
another side form by the Sol-Gel method on one [ which has unevenness ] layer of an electronic conductor 
layer or an ion conductor layer. 

[Claim 4]A manufacturing method of the layered product according to claim 2 using coating liquid for ion 
conductor stratification which distributed electron conductive particles uniformly in it for an interface of ah 
electronic conductor layer by which unevenness is formed at least in one of these, and an ion conductor layer, 
and making said mixture layer form by the Sol-Gel method. 

[Claim 5]A solid state battery, wherein an interface of a positive active material layer and a solid electrolysis 
material layer touches rugged form in a solid state battery which has a positive active material layer, a solid 
electrolyte layer, and a negative electrode active material layer. 

[Claim 6]A solid state battery, wherein a positive active material layer where one of these has unevenness at 
least in a solid state battery which has a positive active material layer, a solid electrolyte layer, and a negative 
electrode active material layer, and a mixture layer which positive-active-material particles distributed uniformly 
all over a solid electrolyte layer to an interface of a solid electrolyte layer exist. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the layered product which has an electronic conductor layer 

which consists of inorganic oxides, and an ion conductor layer, and its manufacturing method. 

[0002] 

[Description of the Prior Art]Although the element which used the electrochemical reaction of the electrode like 
a cell or an electrochromic device is conventionally used by the solution system, by these days, solidification of 
the element is considered in consideration of combination, space development, etc. with various electric 
appliances and electronic equipment. In the interface of the electrode active material and solid electrolyte of a 
solid state component, the characteristic that it is [ the contact state of both layers ] very important it in order 
that movement of an electron and ion may start with an oxidation-reduction reaction, and it is good only by 
pasting an electrode active material and a solid electrolyte together is hard to be obtained. In order to start the 
chemical reaction which is the characteristic of an element by an interface, for mentioning reaction efficiency, it 
should just enlarge surface area of the interface. That is, the interface of an electronic conduction layer and an 
ionic conduction layer is high surface area, and the element which has the good characteristic needs to be 
excellent in an electronic transition and ion migration reactivity. In the interface of an electronic conduction 
layer and an ionic conduction layer, in an inorganic material comrade's laminated constitution, since material is 
hard and it is weak, restrictions are large and realization is difficult. This invention solved these problems and it 
aimed at obtaining this layered product that has a high surface area interface. In order to raise the electronic 
transition and ion migration reactivity in an interface, providing the mixed layer of an electrode active material 
and a solid electrolyte in the interface of both layers was proposed, and effect was taken. That is, it excels in 
pliability in a solid electrolyte layer, the layer which used manganese dioxide with large service capacity for the 
active material layer for the solid polymer electrolyte which can be cast again, and distributed active material 
powder in the solid electrolyte is provided in both interface, and examination is made. Generally ionic 
conductivity of a polymer electrolyte is low. On the other hand, it is NASICON (NalZr 2 SixPm0 12 or 

NalZrnSixPmOw: among a before type) as a solid electrolyte with high ionic conductivity. I=1+x,m=3-x,n=2- 
3/x,w=12-2x/3 — expressing — lithium conductivity glass, such as LISICON (presentation which changed Nay 
Cong's Na to Li), is known. These inorganic oxides are obtained by calcinating the solid powder which is generally 
a raw material at an elevated temperature, and, generally a limit is for a sintered compact to mix atomization and 
a sintered compact comrade homogenously. 
[0003] 

[Objects of the Invention]In the layered product which has an electronic conductor layer which at least one side 
becomes from an inorganic oxide, and an ion conductor layer, the surface area of this invention of the interface 
of said both layers is large, and an object of this invention is to provide the layered product which was excellent 
in this interface at an electronic transition and ion migration nature. 
[0004] 

[Elements of the Invention]In a layered product for which one of the layered products of this invention has an 
electronic conductor layer which at least one side becomes from an inorganic oxide, and an ion conductor layer, 
It is characterized by an interface of both layers touching rugged form, and, as for the two, said electronic 
conductor layer and a mixed layer of said electronic conductor and an ion conductor which at least one side of 
an ion conductor layer is rugged form, and were formed in an interface of these both layers by the Sol-Gel 
method exist. Hereafter, it explains concretely. An electronic conductor layer which consists of an inorganic 
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oxide used by this invention comprises vanadium pentoxide (V 2 0 5 ), manganese dioxide (Mn0 2 ), etc., for example. 

An ion conductor layer which consists of an inorganic oxide used by this invention comprises beta-alumina 
generally known as a solid electrolyte, NASICON, and LISICON. After producing a sintered compact of an 
electronic conductor or an ion conductor, formation of unevenness to both sides or one side of these electronic 
conductor layers and ion conductor layers may cut mechanically, and may pattern using a lithography 
technology, for example. Or these sintered compacts may be produced by the Sol-Gel method, and it may 
patternize by mold omission at the time of gelling. A layered product which said both conductor layer joined with 
sufficient adhesion can be obtained by forming other conductor layers by the Sol-Gel method on one conductor 
layer of an electronic conductor layer which formed unevenness beforehand by above methods, or an ion 
conductor layer. In using an electronic conductor layer and an ion conductor layer by which unevenness is 
formed in at least one conductor layer by above methods, A layered product which said both conductor layer 
joined with sufficient adhesion can be obtained by making a mixture layer of said electronic conductor and an ion 
conductor form in an interface of both conductor layer by the Sol-Gel method. Formation of said mixture layer 
by the Sol-Gel method, For example, coating liquid which can form an ion conductor layer by the Sol-Gel 
method is created, On an electronic conductor layer by which unevenness is formed in at least one conductor 
layer, and/or an ion conductor layer, the dry afterbaking join of what distributed inorganic electron conductivity 
particles in this coating solution can be applied and carried out, and it can be formed. The Sol-Gel method is a 
manufacturing method of an inorganic oxide which completes organic metal compounds, such as a metal 
alkoxide, by a solution system hydrolysis and by carrying out a polycondensation, growing up a metal-oxygen- 
metallic bond and sintering it eventually. A manufacturing method of an inorganic oxide by the Sol-Gel method 
specifically applies on a substrate a solution containing an organic metal compound, and performs a dry 
afterbaking join. As an organic metal compound used, alkoxides, acetate compounds, etc. which constitute an 
inorganic oxide, such as a metaled methoxide, ethoxide, propoxide, and butoxide, are raised. Mineral salt of a 
nitrate, an oxalate, a perchlorate, etc. may be sufficient. Since it is necessary to advance hydrolysis and a 
polycondensation reaction for producing an inorganic oxide from these compounds, in a coating solution, addition 
of water is needed. An addition becomes uneven [ membraneous quality obtained in order that a reaction may 
progress quickly, if too large, although it changes with systems ] easily, and control of reaction velocity is 
difficult for it. Even if there are too few additions of water, control of a reaction is difficult, and there is optimum 
dose. If a hydrolysis catalyst is added, control of reaction velocity and a reaction gestalt can be performed. Acid 
and a base general as a catalyst are used. In order to dissolve these raw materials uniformly, a solvent is used, 
but as for this, that in which the above-mentioned material does not precipitate, i.e., a thing excellent in 
compatibility, is desirable, although solution concentration is based also on a coating method — a case of a spin 
coat method — solution viscosity — several cP-about ten — it is good to adjust so that it may be set to cP. A 
chelating agent etc. which stabilize a metal alkoxide other than these may be added. According to the Sol-Gel 
method, an inorganic oxide can be obtained at low temperature from the usual production temperature 
irrespective of gestalten, such as particles, a film, and bulk. In production of particles, a path of particles can be 
made small, and since a starting material is a solution when mixing is required, homogeneity can be distributed. In 
film production, in order to produce from a solution by spreading, a film [ that it is uniform and large area ] can 
be obtained, and it excels in adhesion with a substrate. It can produce comparatively easily on a substrate of any 
shape. If these features are used, an electronic conduction layer and an ionic conduction layer can obtain a 
layered product which touches with adhesion sufficient to rugged form by the Sol-Gel method. A layered product 
by which electron conductive particles were uniformly distributed by interface of both layers in an ion conductor 
was able to be stuck to rugged form, and was able to be produced. A layered product of this invention can be 
used for a solid secondary battery, an electrochromic element, a sensor, etc. as it is. For example, as positive 
active material, LISICON is used for a solid electrolyte for vanadium pentoxide or manganese dioxide, and if 
lithium is used as negative electrode active material, a solid secondary battery is producible. An electrochromic 
element is producible, if tungstic oxide is used for a working pole, a transparent electrode is used for a counter 
electrode and a solid electrolyte is inserted. An active material and a solid electrolyte interface which consist of 
inorganic oxides are improved by existence of both mixed layer, and these solid state components can perform 
an outstanding redox reaction. 
[0005] 
[Example] 

The powder of manganese dioxide and acetylene black which is conducting agents was mixed as an example 1 
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electronic-conduction layer (anode), it pressed, tabular was processed, and unevenness 100 micrometers in 
width and 5 micrometers in depth was formed in the surface in a 100-micrometer pitch. Besides, an ionic 
conduction layer is produced from the coating liquid which dissolved Zr(OC 3 H 7 ) 4 , Si(OC 2 H 5 ) 4 , PO(OC 4 H 9 ) 3 , 

and the alkoxide and water of Li (OC 4 Hg) into 2-methoxyethanol, After 120 ** dried for 5 minutes, it sintered at 

600 **. This spreading - a sintering process were repeated, 10 micrometers of ionic conduction layers of 
USICON were produced, and the layered product of an electronic conductor and an ion conductor was 
produced. [ Drawing 2 (a)] .Next, 1000A of metal lithium (negative electrode) was vapor-deposited to the solid 
electrolyte side of the obtained layered product, metal foil was stuck further by pressure, and the lithium cell 
was produced. [ Drawing 2 (b)] .Even if the interfacial resistance of the anode by measurement of the frequency 
characteristic of impedance and a solid electrolyte repeated charge and discharge 50 times, change was hardly 
seen. 

The manganese dioxide sintered compact which has unevenness on the surface like example 2 Example 1 is 
produced, Besides, the mixed layer of an electronic conductor and an ion conductor, A film is produced using the 
coating liquid which dissolved Zr(OC 3 H 7 ) 4 , Si(OC 2 H 5 ) 4 , PO(OC 4 H g ) 3 , and the alkoxide and water of Li (OC 4 H Q ) 

in the 2-methoxyethanol which distributed manganese dioxide powders, After 120 ** dried for 5 minutes, it 
sintered at 600 **. This spreading - a sintering process were repeated and a 2000-A mixed layer was produced. 
Then, on this, 10 micrometers of ionic conduction layers of LISICON were produced from the solution of the 
presentation excluding manganese dioxide from the above-mentioned coating liquid, and the layered product of 
an electronic conductor and an ion conductor was produced. [ Drawing 3 (a)] .Next, 1000A of metal lithium 
(negative electrode) was vapor-deposited to the solid electrolyte side of the obtained layered product, metal foil 
was stuck further by pressure, and the lithium cell was produced. [ Drawing 3 (b)] .Even if the interfacial 
resistance of the anode by measurement of the frequency characteristic of impedance and a solid electrolyte 
repeated charge and discharge 50 times, change was hardly seen. 
[0006] 

[Effect]When the interface of an electronic conductor layer and an ion conductor layer touched rugged form, the 
surface area of the interface was able to be made to have been able to expand and reaction efficiency was able 
to be raised. Furthermore, the layered product with good movement of the electron in an electrode reaction and 
ion was obtained by providing the mixture of said both conductors in the interface of said both layers. 
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TECHNICAL HELD 



[Field of the Invention]This invention relates to the layered product which has an electronic conductor layer 
which consists of inorganic oxides, and an ion conductor layer, and its manufacturing method. 



[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgLeije?atw_u=http%3A%2F%2Fwww4.ipdl.inpit.go jp%2... 2009/1 1/16 



JP,05^109429,A [PRIOR ART] 



1/2 ^— i? 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art]Although the element which used the electrochemical reaction of the electrode like 
a cell or an electrochromic device is conventionally used by the solution system, by these days, solidification of 
the element is considered in consideration of combination, space development, etc. with various electric 
appliances and electronic equipment. In the interface of the electrode active material and solid electrolyte of a 
solid state component, the characteristic that it is [ the contact state of both layers ] very important it in order 
that movement of an electron and ion may start with an oxidation-reduction reaction, and it is good only by 
pasting an electrode active material and a solid electrolyte together is hard to be obtained. In order to start the 
chemical reaction which is the characteristic of an element by an interface, for mentioning reaction efficiency, it 
should just enlarge surface area of the interface. That is, the interface of an electronic conduction layer and an 
ionic conduction layer is high surface area, and the element which has the good characteristic needs to be 
excellent in an electronic transition and ion migration reactivity. In the interface of an electronic conduction 
layer and an ionic conduction layer, in an inorganic material comrade's laminated constitution, since material is 
hard and it is weak, restrictions are large and realization is difficult. This invention solved these problems and it 
aimed at obtaining this layered product that has a high surface area interface. In order to raise the electronic 
transition and ion migration reactivity in an interface, providing the mixed layer of an electrode active material 
and a solid electrolyte in the interface of both layers was proposed, and effect was taken. That is, it excels in 
pliability in a solid electrolyte layer, the layer which used manganese dioxide with large service capacity for the 
active material layer for the solid polymer electrolyte which can be cast again, and distributed active material 
powder in the solid electrolyte is provided in both interface, and examination is made. Generally ionic 
conductivity of a polymer electrolyte is low. On the other hand, it is NASICON (NalZr 2 SixPm0 12 or 

NalZrnSixPmOw: among a before type) as a solid electrolyte with high ionic conductivity. I=1+x,m=3-x,n=2- 
3/x,w=12-2x/3 — expressing — lithium conductivity glass, such as LISICON (presentation which changed Nay 
Cong's Na to Li), is known. These inorganic oxides are obtained by calcinating the solid powder which is generally 
a raw material at an elevated temperature, and, generally a limit is for a sintered compact to mix atomization and 
a sintered compact comrade homogenously. 
[0003] 

[Objects of the Invention]In the layered product which has an electronic conductor layer which at least one side 
becomes from an inorganic oxide, and an ion conductor layer, the surface area of this invention of the interface 
of said both layers is large, and an object of this invention is to provide the layered product which was excellent 
in this interface at an electronic transition and ion migration nature. 
[0004] 

[Elements of the Invention]In a layered product for which one of the layered products of this invention has an 
electronic conductor layer which at least one side becomes from an inorganic oxide, and an ion conductor layer, 
It is characterized by an interface of both layers touching rugged form, and, as for the two, said electronic 
conductor layer and a mixed layer of said electronic conductor and an ion conductor which at least one side of 
an ion conductor layer is rugged form, and were formed in an interface of these both layers by the Sol-Gel 
method exist. Hereafter, it explains concretely. An electronic conductor layer which consists of an inorganic 
oxide used by this invention comprises vanadium pentoxide (V 2 0 5 ), manganese dioxide (Mn0 2 ), etc., for example. 

An ion conductor layer which consists of an inorganic oxide used by this invention comprises beta-alumina 
generally known as a solid electrolyte, NASICON, and LISICON. After producing a sintered compact of an 
electronic conductor or an ion conductor, formation of unevenness to both sides or one side of these electronic 
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conductor layers and ion conductor layers may cut mechanically, and may pattern using a lithography 
technology, for example. Or these sintered compacts may be produced by the Sol-Gel method, and it may 
patternize by mold omission at the time of gelling. A layered product which said both conductor layer joined with 
sufficient adhesion can be obtained by forming other conductor layers by the Sol-Gel method on one conductor 
layer of an electronic conductor layer which formed unevenness beforehand by above methods, or an ion 
conductor layer. In using an electronic conductor layer and an ion conductor layer by which unevenness is 
formed in at least one conductor layer by above methods, A layered product which said both conductor layer 
joined with sufficient adhesion can be obtained by making a mixture layer of said electronic conductor and an ion 
conductor form in an interface of both conductor layer by the Sol-Gel method. Formation of said mixture layer 
by the Sol-Gel method, For example, coating liquid which can form an ion conductor layer by the Sol-Gel 
method is created, On an electronic conductor layer by which unevenness is formed in at least one conductor 
layer, and/or an ion conductor layer, the dry afterbaking join of what distributed inorganic electron conductivity 
particles in this coating solution can be applied and carried out, and it can be formed. The Sol-Gel method is a 
manufacturing method of an inorganic oxide which completes organic metal compounds, such as a metal 
alkoxide, by a solution system hydrolysis and by carrying out a polycondensation, growing up a metal-oxygen- 
metallic bond and sintering it eventually. A manufacturing method of an inorganic oxide by the Sol-Gel method 
specifically applies on a substrate a solution containing an organic metal compound, and performs a dry 
afterbaking join. As an organic metal compound used, alkoxides, acetate compounds, etc. which constitute an 
inorganic oxide, such as a metaled methoxide, ethoxide, propoxide, and butoxide, are raised. Mineral salt of a 
nitrate, an oxalate, a perchlorate, etc. may be sufficient. Since it is necessary to advance hydrolysis and a 
polycondensation reaction for producing an inorganic oxide from these compounds, in a coating solution, addition 
of water is needed. An addition becomes uneven [ membraneous quality obtained in order that a reaction may 
progress quickly, if too large, although it changes with systems ] easily, and control of reaction velocity is 
difficult for it. Even if there are too few additions of water, control of a reaction is difficult, and there is optimum 
dose. If a hydrolysis catalyst is added, control of reaction velocity and a reaction gestalt can be performed. Acid 
and a base general as a catalyst are used. In order to dissolve these raw materials uniformly, a solvent is used, 
but as for this, that in which the above-mentioned material does not precipitate, i.e., a thing excellent in 
compatibility, is desirable, although solution concentration is based also on a coating method — a case of a spin 
coat method — solution viscosity — several cP-about ten — it is good to adjust so that it may be set to cP. A 
chelating agent etc. which stabilize a metal alkoxide other than these may be added. According to the Sol-Gel 
method, an inorganic oxide can be obtained at low temperature from the usual production temperature 
irrespective of gestalten, such as particles, a film, and bulk. In production of particles, a path of particles can be 
made small, and since a starting material is a solution when mixing is required, homogeneity can be distributed. In 
film production, in order to produce from a solution by spreading, a film [ that it is uniform and large area ] can 
be obtained, and it excels in adhesion with a substrate. It can produce comparatively easily on a substrate of any 
shape. If these features are used, an electronic conduction layer and an ionic conduction layer can obtain a 
layered product which touches with adhesion sufficient to rugged form by the Sol-Gel method. A layered product 
by which electron conductive particles were uniformly distributed by interface of both layers in an ion conductor 
was able to be stuck to rugged form, and was able to be produced. A layered product of this invention can be 
used for a solid secondary battery, an electrochromic element, a sensor, etc. as it is. For example, as positive 
active material, LISICON is used for a solid electrolyte for vanadium pentoxide or manganese dioxide, and if 
lithium is used as negative electrode active material, a solid secondary battery is producible. An electrochromic 
element is producible, if tungstic oxide is used for a working pole, a transparent electrode is used for a counter 
electrode and a solid electrolyte is inserted. An active material and a solid electrolyte interface which consist of 
inorganic oxides are improved by existence of both mixed layer, and these solid state components can perform 
an outstanding redox reaction. 
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EFFECT OF THE INVENTION 



[Effect]When the interface of an electronic conductor layer and an ion conductor layer touched rugged form, the 
surface area of the interface was able to be made to have been able to expand and reaction efficiency was able 
to be raised. Furthermore, the layered product with good movement of the electron in an electrode reaction and 
ion was obtained by providing the mixture of said both conductors in the interface of said both layers. 
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EXAMPLE 



[Example] 

The powder of manganese dioxide and acetylene black which is conducting agents was mixed as an example 1 
electronic-conduction layer (anode), it pressed, tabular was processed, and unevenness 100 micrometers in 
width and 5 micrometers in depth was formed in the surface in a 100-micrometer pitch. Besides, an ionic 
conduction layer is produced from the coating liquid which dissolved Zr(OC 3 H 7 ) 4 , Si(OC 2 H 5 ) 4 , PO(OC 4 H 9 ) 3 , 

and the alkoxide and water of Li (OC 4 H 9 ) into 2-methoxyethanol, After 120 ** dried for 5 minutes, it sintered at 

600 **. This spreading - a sintering process were repeated, 10 micrometers of ionic conduction layers of 
USICON were produced, and the layered product of an electronic conductor and an ion conductor was 
produced. [ Drawing 2 (a)] .Next, 1000A of metal lithium (negative electrode) was vapor-deposited to the solid 
electrolyte side of the obtained layered product, metal foil was stuck further by pressure, and the lithium cell 
was produced. [ Drawing 2 (b)] .Even if the interfacial resistance of the anode by measurement of the frequency 
characteristic of impedance and a solid electrolyte repeated charge and discharge 50 times, change was hardly 
seen. 

The manganese dioxide sintered compact which has unevenness on the surface like example 2 Example 1 is 
produced, Besides, the mixed layer of an electronic conductor and an ion conductor, A film is produced using the 
coating liquid which dissolved ZKOC 3 H 7 ) 4 , Si(OC 2 H 5 ) 4 , PO(OC 4 H 9 ) 3 , and the alkoxide and water of Li (OC 4 H 9 ) 

in the 2-methoxyethanol which distributed manganese dioxide powders, After 120 ** dried for 5 minutes, it 
sintered at 600 **. This spreading - a sintering process were repeated and a 2000-A mixed layer was produced. 
Then, on this, 10 micrometers of ionic conduction layers of LISICON were produced from the solution of the 
presentation excluding manganese dioxide from the above-mentioned coating liquid, and the layered product of 
an electronic conductor and an ion conductor was produced. [ Drawing 3 (a)] .Next, 1000A of metal lithium 
(negative electrode) was vapor-deposited to the solid electrolyte side of the obtained layered product, metal foil 
was stuck further by pressure, and the lithium cell was produced. [ Drawing 3 (b)] .Even if the interfacial 
resistance of the anode by measurement of the frequency characteristic of impedance and a solid electrolyte 
repeated charge and discharge 50 times, change was hardly seen. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) shows the sectional view of the layered product which consists of an electronic conduction layer 
which has unevenness, and an ionic conduction layer. 

(b) shows the sectional view of the layered product which provided the mixed layer in the interface of an ionic 
conduction layer and the electronic conduction layer which has unevenness. 

[Drawing 2] MnQ 2 and an ionic conduction layer comprise LISICON, and, as for (a), an electronic conduction layer 

shows the sectional view of a layered product whose interface of both layers is rugged form. 

(b) shows the sectional view of the layered product which formed a vacuum evaporation Li layer and Li foil on 

the LISICON layer of the above (a), respectively. 

[Drawing 3 ](a) shows the sectional view of the layered product which becomes an interface of a LISICON layer 
and the Mn0 2 layer which provided unevenness from LISICON and Mn0 2 . 

(b) shows the sectional view of the layered product which formed a vacuum evaporation Li layer and Li foil on 
the LISICON layer of the above (a), respectively. 
[Description of Notations] 

1 Electronic conduction layer 

2 Mixed layer 

3 Ionic conduction layer 

4 Vacuum evaporation Li layer 

5 Li foil 
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* NOTICES * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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